Abstract There is a growing need for kidney and liver transplants in persons living with HIV. Fortunately, with the significant advances in antiretroviral therapy and management of opportunistic infections, HIV infection is no longer an absolute contraindication for solid organ transplantation. Data from several large prospective multi-center cohort studies have shown that solid organ transplantation in carefully selected HIVinfected individuals is safe. However, significant challenges have been identified including prevention of acute rejection, management of drug-drug interactions and treatment of recurrent viral hepatitis. This article reviews the selection criteria, outcomes, and special management considerations for HIVinfected patients undergoing liver or kidney transplantation.
Introduction
With advances in therapy for HIV infection, survival of HIVinfected patients has increased substantially. This increased survival has led to a greater need for treating chronic conditions such as liver and kidney failure. Historically, fears that the chronic immunosuppressed state of patients suffering from HIV/AIDS would lead to increased morbidity and mortality following solid organ transplantation resulted in HIV-infection being considered a contraindication for organ transplantation [1] . Recently, advances in knowledge of outcomes associated with this patient population have changed this philosophy, and HIV-infection is now no longer considered a contraindication for liver or kidney transplantation.
This changed view of the transplant community was precipitated by several factors. The dramatic advancements in the treatment of HIV infection over the past three decades resulted in improved survival of patients with HIV infection [2] , which has made HIV infection a manageable chronic disease rather than frequently fatal condition. Because patients with HIV are living longer, there is now an increasing proportion of HIV-infected patients with advanced liver and kidney disease that could benefit from transplantation [2] [3] [4] . The etiology of liver disease among HIV-infected individuals is mainly due to complications related to hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, which have similar modes of transmission as HIV, and has led to the emergence of liver disease as a major cause of mortality among HIV-infected patients [5] [6] [7] . An increase in the demand for kidney transplantation has also occurred among HIV-infected individuals due to the emergence of renal failure from complications associated with HIV infection, such as HIV-associated nephropathy (HIVAN), immunoglobulin (Ig) A nephropathy, and glomerulonephritis as a result of HIV co-infection with HBV and HCV [8] [9] [10] [11] .
Data supporting acceptable outcomes among HIVinfected solid organ transplant recipients initially came from single patient experiences or case series at single institutions [12, 13] . Subsequently, retrospective and prospective studies involving multiple centers provided more robust data [14•, 15••, 16, 17••] , and led to improvements in the way HIVinfected patients are selected for and treated after transplantation. These studies also provided key insights into the management of antiretroviral agents, immunosuppressive regimens, and surgical complications in these patients posttransplant.
This review will summarize the eligibility criteria for HIV-infected liver or kidney transplant candidates, as well as the latest outcomes in liver and kidney transplantation in the era of highly active antiretroviral therapy (HAART). We will then focus in greater detail on the medical management of the HIV-infected patient post transplantation.
Selection Criteria
Due to the accumulation of data supporting the safety and efficacy of solid organ transplantation in HIV-infected patients, the eligibility criteria have continued to evolve (Table 1) . Current selection criteria include minimum CD4+ T-cell counts (>200 cells/mm 3 for kidney, >100 cells/mm 3 for liver), suppressed or expected suppression of HIV RNA, stable antiretroviral regimen, no active opportunistic infections or neoplasms, and no history of chronic cryptosporidiosis, primary CNS neoplasm or progressive multifocal leukoencephalopathy [15••, 16, 17••, 18, 19] . The criteria regarding opportunistic infections have been liberalized over time as more data have become available regarding outcomes in HIV-infected transplant recipients. For example, a history of any opportunistic infection is no longer an absolute contraindication to transplantation [19] . However, a history of infection for which there is no definitive post-transplantation therapy, such as multifocal leukoencephalopathy, chronic cryptosporidiosis, primary central nervous system lymphoma, and drug resistant fungal infections remain a contraindication to transplantation.
There have been additional refinements in the criteria for selecting HCV/HIV co-infected patients for liver transplantation that have come from observations in long-term outcomes in this population. Lower patient and graft survival was observed in patients with a BMI less than 21 kg/m 2 , and who needed a concomitant kidney transplant [15••] , suggesting that patients who are more debilitated and who have concomitant renal failure requiring combined liverkidney transplant may be less ideal candidates.
Another selection criterion that continues to evolve is the absolute CD4+ T-cell count prior to transplantation. Most centers now require a CD4+ T-cell count of >200 cells/mm 3 in HIV-infected kidney transplant recipients any time in the 16 weeks prior to transplantation [19] . For liver transplantation, a CD4+ T-cell count of >100 cells/mm 3 is required, except in patients with a history of opportunistic infection or malignancy where >200 cells/mm 3 is required. The lower number of CD4+ T-cells acceptable in liver transplant recipients is to account for presumed splenic sequestration due to portal hypertension. In children, the percentage of CD4+ Tcells is more important than the absolute number, and should be >30 % in patients 1-2 years of age and >20 % in patients 2-10 years of age [19] .
Finally, HIV RNA levels remain an important consideration in HIV-infected solid organ transplant recipients. Most centers require HIV RNA levels to be undetectable based on the level checked in the 16 weeks prior to transplant [19] . One exception to this is in liver transplant candidates who are not able to tolerate HAART because of drug-associated hepatotoxicity. In this case, HIV-infected patients can be considered for transplantation if viral suppression could be confidently predicted to occur post-transplantation with available antiretroviral therapies.
Outcomes

Kidney Transplantation
Several studies demonstrate excellent outcomes among HIVinfected kidney transplant recipients [16, 17••, 18, 20-23] . The largest series, published in 2010, was a prospective, nonrandomized trial that reported outcomes in 150 HIV-infected kidney transplant recipients [17••] . In this study with a median follow-up of 1.7 years, 1 and 3 year patient survival was 95 % and 88 %, and allograft survival 90 % and 74 % respectively. The patient survival of HIV-infected recipients in this study was similar to that observed in HIV-uninfected recipients older than 65 years of age during the same time period, as reported by the US Scientific Registry of Transplant Recipients (SRTR). Selection criteria for patients in this trial included pre-transplant CD4+ T-cell counts of at least 200 per cubic millimeter and undetectable plasma HIV Rejection rates have been observed to be 2-3 times higher in HIV-infected kidney transplant recipients than HIV-uninfected recipients. The early experience with renal transplantation in HIV-infected patients included no induction immune suppression, and maintenance therapy with cyclosporine and mycophenolate mofetil (MMF). More than half of these patients developed acute rejection requiring therapy with antilymphocyte globulin [18, 24] . In the US multicenter trial of HIV-infected kidney transplant recipients, the 1 and 3 year rejection rates were 31 % and 41 %, compared to a rate of 12 % in kidney transplant recipients without HIV infection [17••] . However, the higher observed rejection rates did not have a significant impact on overall short-term graft survival as mentioned above.
Liver Transplantation
Survival and Graft Function
In a report from the US Scientific Registry of Transplant Recipients (SRTR) summarizing early experiences with transplantation in HIV-infected recipients since 1996 (i.e. in the era of widespread use of HAART), the 1 year survival for HIV-infected liver transplant recipients varied from 60-100 % [18, [25] [26] [27] . The series published by Ragni et al. in 2003 [27] included data from investigators at several centers including Pittsburgh, Miami, San Francisco, Minneapolis, and London. The authors compared outcomes in 24 HIVinfected transplant recipients to a cohort of 5225 age and race matched HIV-uninfected recipients from the United Network for Organ Sharing (UNOS), and found there was no significant difference in cumulative survival at 1, 2, and 3 years in the HIV-infected patients (87 %, 73 %, and 73 %) compared to the matched controls (87 %, 82 %, and 78 %). They also found that among the HIV-infected recipients, decreased survival was associated with HCV infection, inability to tolerate HIV medications post-transplant, and CD4+ T cell counts <200 post-transplant. Compared to HIV-uninfected HCV-positive controls, HCV infection was also associated with a higher mortality in HIV-infected patients, but this finding did not reach statistical significance.
In a recent review and meta-analysis of liver transplant outcomes in HIV-infected patients, Cooper et al. [28•] analyzed 15 cohort studies and 49 case series with individual patient data. These authors reported 1, 3 and 5 year survival of 85 %, 66 %, and 64 %, respectively. Improved survival was identified in HIV-HBV co-infected recipients compared to HBV uninfected patients. Decreased survival was found in patients with detectable HIV viral load at the time of transplant. Also, HCV infection resulted in worse survival in unadjusted analysis, but did not predict worse survival when adjusted for other confounding variables. The authors compared the outcomes in the 22 HIV-HBV co-infected patients with 20 HBV mono-infected patients on similar HBV prophylaxis, and found that patient and graft survival was similar: 100 % versus 85 % in HBV mono-versus co-infected patients. In this series, all patients received anti-HBV nucleoside or nucleotide analogues, and hepatitis B immune globulin (HBIG) indefinitely following transplantation with a decrease in dose frequency after 12 months. All patients remained Hepatitis B surface antigen (HBsAg) negative with no clinical evidence of hepatitis B recurrence, with a median follow up of 3.5 years. Low-level HBV viremia was intermittently detected in 7/13 patients, but not associated with HBsAg detection or ALT elevation.
Hepatitis C
In contrast to the data supporting control of the co-pathogen in HIV-HBV infected liver transplant recipients, the outcomes in HIV-HCV infected patients are more variable. In a Spanish prospective multicenter study that included 84 HIV-HCV co-infected liver transplant recipients that were compared to 252 matched HCV mono-infected recipients, the authors reported survival rates at 5 years of 54 % and 71 %, respectively (p=0.008) [30••] . HIV infection was found to be an independent predictor of mortality with 2.20 higher risk of death than HCV mono-infected recipients. Also, among HIV-HCV co-infected recipients, HCV genotype 1, donor risk index, and positive plasma HCV RNA were associated with mortality in multivariate analyses. In another prospective, multicenter cohort study from the U.S., patient and graft survival in 89 HIV-HCV co-infected patients was compared to two control groups: 235 HCVmonoinfected liver transplant recipients, and all transplant recipients who were 65 years old or older [15••] . In this study, 3-year patient and graft survival rates were 60 % and 53 % for the HIV/HCV patients and 79 % and 74 % for the HCV-infected recipients (p<0.001). HIV infection was the only factor associated with decreased patient and graft survival (HR=1.9, 95 % CI: 1.2-3.1, p=0.01). Treated acute rejection, which occurred significantly more often in coinfected patients compared to mono-infected controls was of borderline significance as a predictor of graft and patient mortality (HR=2.0, p=0.06). Among co-infected patients, older donor age, combined kidney-liver transplantation, an anti-HCV-positive donor, and body mass index (BMI) <21 kg/m 2 were independent predictors of graft loss. If only HIV-HCV co-infected recipients without these risk factors were considered, then patient and graft survival rates were similar to those of control HCV mono-infected liver transplant recipients, demonstrating that recipient and donor selection may significantly influence the outcomes in this patient population.
Medication Management
Immunosuppression and Drug Interactions
Based on the currently available data, it is not clear whether any particular immunosuppressive regimen is more effective in HIV-infected transplant recipients. Most centers avoid lymphocyte depleting agents for induction, such as thymoglobulin, as these agents can have a profound effect on CD4+ T-cells [19] . However, based on higher than expected rates of rejection in HIV-infected liver and kidney recipients [18, 24] Both cyclosporine A and MMF have well described antiretroviral qualities [31] [32] [33] [34] [35] [36] [37] , but many centers utilize cyclosporine A as the preferred calcineurin inhibitor because of the decreased propensity for inducing glucose intolerance compared to tacrolimus [19] . This consideration is important in the HIV-infected recipient because many protease inhibitors used in antiretroviral regimens may also be diabetogenic. In one study, cyclosporine A use was associated with increased risk of kidney graft rejection but did not impact graft survival [17••] . Additionally, because there is often some degree of renal insufficiency present in many HIVinfected recipients, the mTOR inhibitor sirolimus may be a useful alternative to calcineurin inhibitors. Sirolimus has important properties that make it beneficial in the HIVinfected recipient. It is a potent immunosuppressive agent that is less nephrotoxic and beta cell toxic than calcineurin inhibitors, and it is an effective anti-proliferative agent against Kaposi's Sarcoma [38] . Additionally, sirolimus has the hypothetical potential to enhance antiretroviral therapies by downregulating the expression of CCR5 receptors on CD4+ T-cells and acting synergistically with the antiretroviral agents enfuviride and maraviroc, which inhibit viral entry or CCR5 chemokine coreceptor-facilitated attachment [39, 40] .
Antiretroviral Therapy
Post-operative antiretroviral regimens in HIV-infected liver and kidney transplant recipients are similar to other HIVinfected patients. These include a combination of drugs which include the nucleoside analog reverse transcriptase inhibitors (NRTIs), the non-nucleoside analog reverse transcriptase inhibitors (NNRTIs), HIV-protease inhibitors, entry inhibitors or integrase inhibitors. The goals with respect to antiretroviral regimens in the HIV-infected transplant recipient are to provide continuous suppression of HIV, ensure adequate therapeutic levels of the immunosuppressive medications, and minimize additive drug toxicities with other medications. The unique challenge in the post-transplant HIV patient is the management of drug-drug interactions with the need for potent antiretroviral regimen in combination with immunosuppression and prophylaxis for opportunistic infections.
There are multiple bidirectional drug interactions between antiretroviral and immunosuppressive regimens [41] , and necessary adjustments to the doses of immunosuppressive agents will depend on which antiretroviral drug is used. Because of the perturbations of the cytochrome P450 3A4 system by different classes of antiretroviral drugs, the doses of calcineurin inhibitors and sirolimus often require dramatic adjustments. Protease inhibitors inhibit the cytochrome P450 3A4 system, which results in decreased doses necessary to maintain similar trough levels of these drugs [42] [43] [44] . The NNRTI efavirenz is a potent inducer of the P450 system, and has the opposite effect on dosing of calcineurin inhibitors and sirolimus [45] . However, the induction of the P450 system by efavirenz is less profound than the inhibition by protease inhibitors, and when used together the doses of immunosuppressive agents used should be similar to those when protease inhibitors are used in the absence of NNRTIs. In addition to interactions between antiretroviral agents and immunosuppression regimens, several antibiotics and antifungal agents used for prophylaxis and treatment in immunosuppressed patients can inhibit the cytochrome P450 system. One example is fluconazole, and further reduction in the doses of calcineurin inhibitors and sirolimus may be necessary when this agent is used in combination with protease inhibitors [19] .
Management of HIV-Infected Patients with Viral Hepatitis
HBV
Recommended post-transplantation guidelines for the management of HBV infection in the HIV-co-infected patient are similar to those for HIV-uninfected patients. Recommendations differ for liver versus kidney transplant recipients.
For liver transplant recipients, the goal is prevention of recurrent infection, and treatment includes the use of hepatitis B immune globulin (HBIG), as well as antiretrovirals that have activity against HBV [14•, 19, 29] . Typically HBIG is given intravenously during the anhepatic phase and daily for the first 5-7 days post-transplant, then continued indefinitely to maintain protective anti-HBs titers [19] . The antiretroviral agents of choice for the treatment of HBV are lamivudine or emtricitabine with tenofovir [29] . Since many patients have HBV resistance to lamivudine, combination antiviral therapy is recommended to prevent virologic breakthrough. In cases where HAART therapy must be held post-transplant, lamivudine and tenofovir should also be held to minimize the risk of creating resistance to these agents if they are given alone. In this situation, adefovir can be used in combination with HBIG therapy to control HBV infection, as adefovir at HBV treatment doses does not have anti-HIV effects and therefore does not present a risk for HIV resistance [19] . Entecavir has also recently been identified to have anti-HIV effects, and therefore should not be utilized in HIV/HBV patients until HAART therapy can be restarted posttransplant [46] . Whether HBIG can be discontinued in some patients at low risk for recurrent HBV infection, as is being done in HBV monoinfected patients [47] , is unknown. In the absence of more definitive data, long term management should include HBIG maintenance therapy in combination with lamivudine or emtricitabine and tenofovir, with doses adjusted to renal function.
For kidney transplant recipients with chronic HBV infection, long-term suppression of HBV replication is necessary to prevent progressive disease. HBIG has no role in this patient population. Antiretrovirals with activity against HBV are the best options for management of HBV postkidney transplantation. Similar to liver transplant patients, the combination of lamivudine or emtricitabine with tenofovir offers an HBV-combination therapy with a high barrier to resistance. Again, if there is a need to interrupt antiretroviral therapy post-transplant, an alternative antiviral for HBV that does not have anti-HIV activity should be used, such as adefovir, in order to prevent a flare of the hepatitis B. Monitoring of treatment efficacy is performed using HBV DNA levels every 3-6 months.
HCV
Unlike HBV, there are no prophylactic therapies for HCV and all patients who are viremic at the time of liver transplantation will develop graft reinfection. Disease progression is more rapid post-transplant than pre-transplant and some studies report accelerated progression to cirrhosis among coinfected compared to monoinfected HCV transplant patients [30••, 48] . Thus, monitoring of disease progression with serial biopsies is important and HCV treatment is typically recommended if there is severe necroinflammation or moderate fibrosis. This is similar to recommendations for treatment initiation for non-HIV-infected patients [15••] . There are no data supporting preemptive therapy with ribavirin and peginterferon after transplantation in HIV-HCV co-infected recipients. Antiviral therapy with peginterferon and ribavirin has been the mainstay of treating recurrent HCV for the past decade. Among HCV-monoinfected transplant recipients, the rates of sustained virologic response (SVR) with peginterferon and ribavirin are~30 %, with higher rates achievable in patients with non-1 genotypes [49, 50] . Estimates of SVR among HCV-HIV confected patients treated with interferon and ribavirin are poorly characterized, but appear to be <20 % [27, 48, 51] . Poor tolerability of therapy is a major obstacle with many patients stopping treatment early due to significant adverse events. More recently, protease inhibitor (PI) triple therapy has been considered for treatment of transplant recipients with recurrent HCV, though such use is off-label. Preliminary results suggest higher rates of early virologic response but SVR rates are unknown. However, HCV PI-triple therapy is associated with greater toxicity than peginterferon and ribavirin dual therapy and the challenges in managing drug-drug interactions are significant. Thus, any HCV therapy that utilizes a peginterferon and ribavirin "backbone" will have significant limitations in co-infected transplant recipients and the need for alternative, interferon-free treatment options is high [52] [53] [54] [55] .
Kidney transplant recipients with co-infection need to be monitored for disease progression post-transplantation. Since treatment with peginterferon and ribavirin is generally not recommended post-kidney transplant due to concerns regarding interferon-induced kidney rejection [56] , treatment is reserved for those that showed rapidly progressive disease or with advanced fibrosis (bridging fibrosis or cirrhosis) on post-transplant biopsies. The frequency of liver biopsies post-kidney transplant is not established and should be guided by the stage of fibrosis present.
HIV-Specific Health Care Issues
HIV-Specific Outcomes
While most studies have not shown HIV-disease progression to AIDS or an increase in HIV-associated opportunistic infections following transplant, some studies have shown that CD4+ cell counts can be affected depending on the type of immunosuppressive agents used [17••] . In one study, the use of thymoglobulin was associated with a greater decline in CD4+ T-cells in the first year after transplant when compared to kidney recipients who did not receive thymoglobulin induction (−238 vs. −135 cells per cubic millimeter). However, at 3 years post-transplant there was no significant difference between the two groups (-57 vs. -52 cells per cubic millimeter).
Prophylaxis for Opportunistic Infections
There are relatively few reports of HIV-associated opportunistic infections post-transplantation. In the U.S. multicenter prospective study of 150 HIV-infected kidney transplant recipients, there were two cases of newly diagnosed cutaneous Kaposi's Sarcoma and one case each of candida esophagitis, presumptive P. jiroveci pneumonia, and cryptosporidiosis [17••] .
In addition to what is standard prophylaxis for low CD4+ Tcell counts, transplant specific prophylaxis includes lifelong prophylaxis for Pneumosystis jiroveci pneumonia (PCP) with trimethoprim/sulfamethoxazole (TMP/SMX), prophylaxis for Mycobacterium avium complex (MAC) with azithromycin in patients with CD4+ T-cell counts <50 cells/mm 3 , and for toxoplasmosis with TMP/SMX in toxoplasmosis IgG positive recipients (or donor), or CD4+ T-cells <200 cells/mm 3 [19] . Additionally, any patients with a history of opportunistic infection should receive prophylaxis for cryptococcosis and toxoplasmosis when CD4+ T-cells <200, and cytomegalovirus (CMV) infection when CD4+ T-cells <75-100 (Table 2) . Tuberculosis screening and treatment are the same for HIV-infected transplant recipients as for all HIV-infected patients, and immunizations for HIV infected patients are the same as recommended for transplant patients who are not HIV-infected [19] .
HIV-Associated Malignancies
HIV-infected transplant recipients are at increased risk for cancers associated with chronic immune suppression related to prevention of rejection as well as the immunosuppressed state due to HIV infection. These malignancies include Kaposi's sarcoma (KS), non-Hodgkin lymphoma (NHL), hepatocellular carcinoma (HCC), anal and cervical cancers associated with human papilloma virus (HPV), melanoma, and non-melanoma skin cancers such as basal cell and squamous cell carcinoma [57] [58] [59] [60] [61] [62] . Routine screening for these malignancies is recommended, although no specific guidelines exist for the HIV-infected transplant recipient. There are data to suggest that there may be a greater impact of immunosuppression on the progression of HPV associated cervical and anal neoplasias [63] [64] [65] , and routine PAP smears as well as colposcopy should be performed for patients with these lesions [19, 65] .
Conclusion
HIV infection is no longer a contraindication to solid organ transplantation, and excellent results have been reported for HIV-infected patients undergoing liver and kidney transplantation. Careful selection of HIV-infected patients with well controlled HIV infection is essential to ensure the best outcomes in this patient population. As this population ages, the need for kidney and liver transplantation will only increase due to the co-morbidities associated with HIV that lead to end stage liver and renal disease, as well as co-morbidities affecting all patients such as hypertension, diabetes mellitus and chronic hepatitis. Large cohort studies have shown patient and graft survival in carefully selected HIV-infected liver and kidney transplant recipients are similar to HIV-uninfected patients. However, HIV-infected recipients appear to experience higher rates of rejection, and HCV-HIV co-infected patients are at higher risk of graft loss following transplantation.
Despite the challenges presented by drug interactions between HAART regimens, antimicrobial prophylaxis and immune suppression, there has not been significant progression of HIV disease following transplantation in HIVinfected individuals studied to date. Reports of opportunistic infections following transplantation are rare, and do not appear to be significantly higher than in non-HIV infected transplant recipients.
Recently, proposals to use organs from donors with HIV in HIV-infected recipients have gained acceptance. In a report of four successful kidney transplants between HIV infected brain dead donors and HIV-infected recipients, Muller et al. showed that with careful donor selection this can be carried out safely [66•] . These authors advocate selecting donors based on the absence of proteinuria, and normal post hoc kidney biopsy. The four recipients in this report all were receiving antiretroviral therapy, had stable disease (defined as an HIV viral load of <50 copies per milliliter for >6 months), and had no previous opportunistic infections other than fully treated pulmonary tuberculosis. All four transplants were from deceased donors who had not received antiretroviral therapy. The authors note that there may be a risk of accelerating HIV disease progression by superinfecting the recipient with a different HIV clade or recombinant virus, and prospective studies are needed to assess viral characteristics in donor-recipient pairs as factors for graft failure and disease progression.
Continued advancement in the treatment of HCV infection, and more experience with the management of immune suppression in HIV-infected transplant recipients will likely lead to improved outcomes in this patient population. As more data is collected on the outcomes in HIV-infected recipients, further refinements in the selection criteria will likely lead to better treatment of end-stage kidney and liver disease among HIV-infected patients.
